
BACKGROUND OF THE INVENTION 

a) Field of the Invention 

This invention relates to a motor damper that is arranged in a passage 
for cold air in a refrigerator and actuates a baffle using a motor as a driving source to 
control the cold air supply. 

b ) Description of the Related Art 

A conventional motor damper is disclosed in, for example, Japanese 
patent laid open H6- 109354 or US patent 4,644,239. 

Figures 13 and 14 show a damper 500, disclosed in the above 
mentioned Japanese patent H6- 109354, comprising a baffle 52 for controlling the 
cold air supply and a driving mechanism 53 such as a motor which drives the baffle 
52. 

The baffle 52 is controlled by the driving mechanism 53 such that it 
swings with a journal 5 1 as a fulcrum and opens or closes a cold air gate 54 by 
contacting and retracting from it. 

The motor damper 500 is arranged in a passage 67 for cold air in a 
refrigerator 60 as illustrated in Figure 15, so that the cold air flows into the 
refrigerating chamber 62. 

Also, Figures 1 6 (a) and (b) illustrate a motor damper 500' disclosed in 
US patent 4,644,239. 

The damper 500' is comprised of a cam 57' which rotates integrally as 
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the motor 53 ! spins, a pin 58' arranged eccentrically from the rotational center of the 
cam 57\ and a wall 59' formed on the baffle 52 ! , sandwiching the eccentric pin 58'. 
As the eccentric pin 58' contacts and retracts from the wall 59\ the baffle 52' 
pivoting around the journal 5 1' converts the movement into a swinging movement at 
the cold air gate 54' for closing and opening the cold air gate 54 1 . 

The conventional motor damper 500 opens/closes the baffle 52 pivoting 
around the journal, so it does not open up to a position parallel to the cold air flow in 
the passage 57. As Figure 15 shows, the slanted position becomes the position to 
open the cold air gate 54, and opens no further. 

In the same manner, in the conventional motor damper 500', a distance 
between the journal 5 T of the baffle 52' and the eccentric pin 58* is so long and the 
rotational distance of the eccentric pin 58 1 is so short that the baffle 52' does not 
swing very much. 

For this reason, in the conventional motor damper 500 and 500', the 
baffle 52 and 52' resists the flow of cold air, thus providing the inefficient 
structure for prompt diffusion of the cold air. 

In order to swing the baffle 52 over a large distance in the damper 500 
illustrated in Figures 13 and 14, the rotational distance of the rack of the driving 
mechanism 53 needs to be long. 

Also, in the damper 500' illustrated in Figure 16, the moving distance of 
the eccentric pin 58' needs to be long. Thus, both dampers 500 and 500 1 are large. 

In addition, due to the above mentioned structure as illustrated in 
Figure 15, the inward projection width M of the refrigerator 60 is naturally large, 
thus providing a factor which reduces the capacity of the refrigerator 60. _ 

OBTECT AND SUMMARY OF THE INVENTION 

The primary object of this invention is to solve the problems mentioned 
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above and to provide a motor damper which is miniaturable and does not hinder the 
cold air flow. 

In accordance with the invention, a motor damper arranged in a passage 
in a refrigerator through which the cold air flows comprises a frame constituting a 
part of the passage, a cold air gate formed at the center of the frame, a baffle 
rotatably secured on a rotation shaft formed on the frame for opening and closing the 
cold air gate and a rotation mechanism for swinging the baffle between open and 
closed positions of the cold air gate. The baffle is arranged to enclose a neighboring 
region by the frame at the position it closes the cold air gate. The rotation 
mechanism includes a motor arranged outside the frame and in the vicinity of the 
rotation shaft of the baffle. The motor damper also includes an output shaft of the 
motor which is rotatably secured to the rotation shaft of the baffle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Figure 1 shows the first embodiment showing an I-I cross-section of 

Figure 2; 

Figure 2 shows a partial cross-sectional bottom view of Figure 1 ; 

Figure 3 is a diagram showing the status in which a cover is removed 
and a stepping motor is imaginary added thereto, viewing from the III direction of 
Figure 2; 

Figures 4(A), 4(B) and 4(C) show the baffle used in the first 
embodiment: Fig 4(A) is its plan view-, Fig. 4(B) is its front view seen from the 
direction of an arrow a in Fig. 4(A); Fig. 4(C) is its view seen from the direction of 
an arrow b; 

Figures 5(A) and 5(B) show the shaft used in the first embodiment: Fig. 
5(A) is its front view; Fig. 5(B) is its plan view, 
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Figure 6 is a cross-section showing one example of a refrigerator to 
which the motor damper of this invention is applied; 

Figure 7 is a perspective view showing a view of the second embodiment; 

Figure 8 is a cross-section of a major section showing motor dampers 
installed in the refrigerator; 

• Figure 9 is a side cross-section of the third embodiment, and 
corresponds to Figure 1 representing the first embodiment; 

Figure 10 shows the fourth embodiment, and a cross-sectional side 
view of the frame and the cold air gate; 

Figure 1 1 illustrates a partial cross-sectional view of the bottom of 

Figure 10; 

Figure 12 illustrates the fifth embodiment, and a cross-sectional side 
view of the frame and the cold air gate; 

Figure 13 is a front view of a conventional motor damper; 
Figure 14 illustrates a partial side view of Figure 13; 
Figure 15 is a cross-section showing one example of a refrigerator to 
which the conventional motor damper is applied; and 

Figures 1 6 (A) and 1 6(B) are respectively a front view and a side view of 
— 5~tn alternate conventional motor damper. 

DESCRIPTI ON OF THE PREFERRED EMBODIMENTS 

The first embodiment of this invention is now described which is based 
on Figures 1 through 6. 

A motor damper 50 is comprised of a stepping motor 1 which is a 
driving source, a frame 2 constituting a part of the passage, a cold air gate 3 
formed at the center of the frame 2, and a baffle 4 which swings to contact 
and retract from the cold air gate 3. 




The stepping motor 1 has an output shaft 5 made of stainless steel 
(SUS) which a pinion 6 made of polyacetal (denoted as POM hereafter) fits. 

The bottom 6a of the shaft of the pinion 6 bears on a concavity 2b 
formed at the side section 2a of the frame 2. 

The pinion 6 engages with a fan-like gear 7 which is a decelerating 
gear, and transmits the rotational movement from the stepping motor 1 
thereto. 

Note that the fan-like gear 7 of the first embodiment is made of the 
same material, POM, as the pinion 6. The angles of the teeth of the fan-like 
gear 7 are set according to the moving angle of the baffle 4. 

A magnet 8 made of isotropic ferrite magnet is attached to one end of 
the fan-like gear 7. 

In the vicinity of the magnet 8, a hall IC (sensor) 9 for detecting the 
approach of the magnet 8 is attached to the frame 2 via a printed circuit board. 

A through hole 7b is formed on the rotational center 7a of the fan-like 
gear 7, and a shaft made of SUS is fit thereto. 

The shaft 13 is fixed to the shaft units 4a and 4b via pins 1 6. 

The stepping motor 1, the output shaft 5, the pinion 6, the fan-like gear 
7, and the shaft 13 constitute a movement mechanism for swinging the baffle 4. 

Also, by decelerating the stepping motor 1 , the fan-like gear 7 
increases the rotation torque and transmits the movement to the baffle 4 side. 
Therefore, even if the motor is miniaturized, it still swings the baffle 4 efficiently. 

A cover 1 1 made of ABS resin is attached to the frame 2 via screws 
12 and 12 and covers the above mentioned movement mechanism. 

In the first embodiment, only the stepping motor 1 in the movement 
mechanism projects outside the cover 11; other components of the movement 
mechanism are covered with the cover 1 1 and isolated from the outside. 
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The frame 2 made of ABS resin is shaped, in the first embodiment, in 
a square column with open ends. 

Inside the frame 2, the cold air gate 3 is formed and also the baffle 4 
and the shaft units 4a and 4b of the baffle 4 are housed therein. The cold air gate 3 
of the first embodiment is formed, as illustrated in Figure 1 , at an angle to the cold 
air flow; the cold air gate forming unit 3a projects from the frame 2 at a 
predetermined angle and surrounds the opening 3b through which cold air flows. 

The cold air gate component 3a is formed such that the contact 
surface 3c projects toward the swinging side of the baffle 4. 

Note that in the first embodiment, the cold air gate 3 and the frame 2 
are formed integral, but they may be formed separately. 

The baffle 4 which contacts and retracts from the contact surface 3c 
is formed of polycarbonate; a "soft tape" 14 made of expanded polystyrene is 
attached to the baffle 4 on the side of the cold air gate 3. 

The baffle 4 swings around the shaft units 4a and 4b through which the 
shaft 13 extends; it swings between the position for opening the cold air gate 3 
(denoted as the open position hereafter) illustrated by dotted lines and the position 
for closing the cold air gate 3 (denoted as the closed position 5 hereafter) illustrated 
by solid lines. 

The open position is where the baffle 4 leaves the contact surface 3c and 
cold air flows in. 

The closed position is where the baffle 4 contacts the contact surface 3c 
and cold air is shut out. Also, at the closed position, the baffle 4 encloses its 
neighboring region by the frame 2. 

A spring engagement unit 4h is formed on the baffle 4 on the side of 
the cold air gate 3, and one end of a coil spring 15 is engaged therewith. The other 
end of the coil spring 15 is engaged with a groove 2c formed on the frame 2. 
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Note that the spring engagement unit 4h is formed at a slightly 
displaced position from the center of the baffle 4, opposite the journal. The shaft 13 
is engaged with the shaft units 4a and 4b of the baffle 4 via some extra space "g" with 
pins 1 6. This engagement mechanism is described as follows. 

First, baffle 4 illustrated in Figure 4 is held at an almost identical 
position to the setting position in the frame 2; a flat unit 13d of the shaft 13 
illustrated in Figure 5 is inserted into a hole 4c formed on the shaft unit 4a in the 
direction of an arrow a in Figure 4 (A), to assemble the shaft 13 with the through 
hole 4d of the shaft unit 4a. Note that the pins 1 6 are inserted into the through 
holes 13a, 13b, and 13c formed on the shaft 13 in advance to fix them. Then, the 
shaft 13 is moved to the right direction in Figure 4 (A), and one end of the shaft 13 
is inserted into the through hole 4e of the shaft unit 4b. 

The baffle 4 now integral with the shaft 13 is mounted on the frame 2. 
At this time, pins 13 are positioned at three places: one positions the groove 4f at the 
through hole 13a; one positions the groove 49 at the through hole 13b; and one 
positions the groove formed at the rotation center 7a of the fan like gear 7 at the 
through hole 13c. 

The above mentioned motor damper 50 is installed, for example, in a 
refrigerator having a structure as illustrated in Figure 6. 

Briefly describing the refrigerator 20, it is divided into a freezer 61, a 
refrigerating chamber 62, and a vegetable crisper 63. An evaporator 64 is arranged at 
the bottom of the freezer 61. 

Behind the evaporator 64, a fan motor 65 is arranged, which ventilates 
and circulates the cold air generated from the evaporator 64. 

Between the evaporator 64 and the refrigerating chamber 62, a slanted 
partition 66 is arranged to prevent the cold air from the evaporator 64 from flowing 
directly into the refrigerating chamber 62. 
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Also, between the back of the slanted partition 66 and the inner wall 
of the back of the refrigerator 20, a cold air flowing passage 67 is formed in which the 
damper 50 is arranged. 

In the refrigerator 20 illustrated in Figure 6, a duct 2 1 having open ends 
for ventilating the cold air is formed to supply cold air to both the refrigerating 
chamber 62 and the vegetable crisper 63, and the motor damper 50 is arranged 
therein. 

In other words, in the first embodiment, the frame 2 of the damper 50 
is fit in so as to form a part of the duct 2 1 ; therefore, the damper 50 itself functions 
as part of the duct 2 1 . 

Next, the movement of the motor damper 50 is described. 

The temperature inside the refrigerator 20 is controlled by CPU, etc., 
which is not illustrated, so that each chamber is maintained within a 
predetermined temperature range. 

In each chamber is arranged, for example, a temperature sensor and 
the like; based on output signals from the temperature sensor, the above mentioned 
CPU, etc. generates signals for the motor damper 50 to actuate and control the baffle 
4. 

First, the movement of the baffle 4 from the closed position to the open 
position is described. 

When the above mentioned CPU, etc outputs the signals for the 
stepping motor 1 to actuate the baffle 4, the stepping motor 1 is driven and its 
rotation is transmitted to the baffle 4 via the pinion 6, fan-like gear 7, shaft 13, shaft 
units 4a and 4b. 

The baffle 4 retracts from the contact 3c against the elasticity of the coil 
spring 15 and swings to the open position (illustrated by dotted lines in Figure 1) in 
parallel to the cold air flow. 
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When the baffle 4 is swung to the open position, the magnet 8 adhered 
to the fan-like gear 7 is rotated to the position close to the hall IC (sensor) 9, to 
actuate the hall IC (sensor) 9. The hall IC (sensor) 9 generates the stop signals for 
the stepping motor 1 to stop driving the stepping motor 1 . 

At this time, the elastic force of the coil spring 15 works on the baffle 4 
and the baffle 4 tends to swing to the closed position of the cold air 3; however, the 
energization force or reluctance torque of the stepping motor 1 is strong enough 
compared to the elastic force to hold the baffle 4 at the open position. 

Also, the signal generated from the hall IC (sensor) 9 is the base for 
setting a home position for the swinging baffle 4. By holding the baffle 4 at the open 
position, cold air is supplied to the vegetable crisper. 

On the other hand, the baffle 4 swings bade from the open position to 
the closed position as follows. 

For example, based on the output signals from the temperature sensor 
and the like arranged in the vegetable crisper 63, the CPU, etc. outputs signals for 
swinging the baffle 4 to the closed position. 

With the above mentioned signal outputs, the stepping motor 1 spins 
in the direction opposite the previously described movement, then the baffle 4 swings 
in the direction to contact the contact surface 3c of the cold air gate 3. 

The position moved from the home position is detected by counting 
pulses; when a predetermined number of pulses is reached, the baffle 4 (the position 
by solid line in Figure 1) is found at the closed position and driving the stepping 
motor 1 is stopped. 

The stepping motor 1 stops driving after the pin 1 6 finishes rotating in 
the extra space "g" even after the soft tape 14 attached to the baffle 4 has contacted 
the contact surface 3c. 

For this reason, the elastic force of the coil spring 15 works on the 
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baffle 4, the soft tape 14 having elastic force is pushed thereon, and the contact 
surface 3c penetrates the soft tape 14, eliminating the space between the contact 
surface 3c and the soft tape 1 4. 

The speed with which the baffle 4 swings from the open position 
(illustrated by dotted lines in Figure 1 ) to the closed position (illustrated by solid 
lines in Figure 1) is controlled by the rate of pulse generation. For example, in the 
first embodiment, the baffle swings in 25.8 sec. at lOOpps, in 12.9 sec. at 200pps, 
and in 8.6 sec. at 300pps. It is possible to stop the baffle 4 at a mid-point between 
the open position and the closed position as an alternate position, rather than at the 
completely opened position illustrated by dotted lines in Figure 1. 

When setting the above mentioned mid-point as the alternate open 
position, the baffle 4 is first set to the open position illustrated by dotted lines in 
Figure 1, which is the home position, then the stepping motor 1 is stopped at the 
stage at which a smaller number of pulses is counted for the open position than that 
of the closed position. 

Note that the angle-a-that the baffle 4 swings from the open position 
(illustrated by dotted lines in Figure 1) to the closed position (illustrated by solid 
lines in Figure 1) is set to be 45° in the first embodiment; however, it is not limited 
to this angle, and other angles are applicable . 

In the first embodiment illustrated in Figures 1 through 6, the fact that 
the cold air gate 3 formed on the frame 2 is slanted against the cold air flow inside 
the frame 2 allows the baffle 4 to swing within a small angle. It also enables to actuate 
the coil spring 15, engaging one end of the coil spring 15 with the frame 2 while 
^gaging the other end with the baffle 4. Therefore, placing the coil spring 15 inside 
the frame 2 permits miniaturization while fully retaining its functionality, ensuring 
the sealed open status of the baffle 4. 

Next, the second embodiment of this invention is described, based on 
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Figures 7 and 8. 

Note that the same elements are referred to with the same numbers as in 
Figure 1 . Also, the detailed description of the structure of the refrigerator 20 
illustrated in Figure 8 is omitted because it is only the position of the freezer 61 and 
the refrigerating chamber 62 that is changed. 

In the second embodiment, the cold air gate 3 is formed on the frame 
2, angled at about 90° with respect to the cold air flow, and the frame 2 is 
sandwiched by the ducts 21 of the refrigerator 20. 

The baffle 4 contacts the gate component 3a of the cold air gate 3, and 
swings between two positions: the one which shuts the cold air flow (the closed 
position) and the other which lets the cold air flow (the open position) being in 
parallel to the cold air flowing in the duct 2 1 . 

This movement is actuated by the driving force of the stepping motor 1 
arranged at the side of the frame 2. This detail is omitted in the diagram, but by 
changing the angle between teeth of the fan-like gear 7 illustrated in the first 
embodiment, the baffle 4 can swing at about 90° from the open position to the 
closed position. In the second embodiment, a component equivalent to the coil 
spring 15 in the first embodiment is not used; however, the coil spring 15 may be 
engaged between the baffle 4 and the duct 21 in the same manner as in the first 
embodiment. Also, the motor damper 50 illustrated in the second embodiment can 
be used in the refrigerating chamber 62 haying the structure illustrated in Figure 6. 

Figure 9 illustrates the third embodiment of this invention, 
corresponding to Figure 1 of the first embodiment. Once again, the identical 
elements to those in Figure 1 have the same element numbers. 

In the third embodiment, the baffle 4 is arranged at the center area of 
the frame 2 and also is constructed with two baffles 41 and 42. 

Each of the baffles 41 and 42 swings to the open and closed positions 
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using one stepping motor. That is, the spinning force of the stepping motor is 
transmitted to one of the shafts 13 of the baffles 41 and 42; the rotation of one of 
the shaft 13 is directly transmitted to the other shaft 13. For this reason, these two 
may move in the opposite direction, and the opening and closing actions of the 
baffles 41 and 42 may be synchronized. Other configurations remain the same as in 
the first embodiment; therefore, the description is omitted herein. 

In the third embodiment, each of the baffles 41 and 42 can be driven 
by using not one but two stepping motors 1 as driving sources. 

Such a configuration allows a plurality of open conditions provided by 
the baffles 41 and 42, thus enabling even more precise control of the cold air supply. 
In addition, in the second embodiment, the baffles 41 and 42 are arranged at the 
center of the frame 2, thus providing good balance for a damper. 

Figures 10 and 1 1 illustrate the fourth embodiment of this invention. 
In the fourth embodiment, the baffle 4 and its peripheral structure in 
the first embodiment are modified. Figures 10 and 1 1 respectively correspond to 
Figures 1 and 2; the identical elements as in Figures 1 and 2 bear the same element 
numbers as in Figures 10 and 11. 

In the fourth embodiment, a baffle supporting shaft 43 is formed in 
parallel to longer side of the rectangular baffle 4; both ends of the baffle supporting 
shaft 43 are supported by arms 44 and 44 which corresponds to the functionality of 
the shaft units 4a and 4b of the baffle 4 illustrated in Figure 4. 

Moreover, the peripheral structure of the baffle 4 may be configured 
as in the fifth embodiment illustrated in Figure 12. In the fifth embodiment, the 
baffle supporting shaft 43 illustrated in Figure 10 goes through a baffle shaft inserting 
unit 45 projecting toward the back of the baffle 4, and also supported by the arms 44 
and 44. With the configuration mentioned above, the motor damper 50 employs the 
fan-like gear 7 as a decelerating gear for transmitting the rotational force of the 
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stepping motor 1. Therefore, the movement of the fan like gear 7 easily stays inside 
the side space of the frame 2. 

Further, the mechanism by which the driving force of the stepping 
motor 1 is transmitted to the fan-like gear 7 increases the rotation torque of 
the motor . Thus, one can easily obtain a compact motor damper actuator 
having a large driving force. 

Also, by making the frame 2 as almost a square column, the damper 
50 can be installed in a square column duct that is widely used for the duct of 
refrigerators 20 and the like, thus broadening its applicability. 

In addition, forming the frame 2 as a part of the duct of the refrigerator 
20 allows building it in and the like without deforming the duct portion of the 
refrigerator 20 and thus is preferable. 

Note that each of the above mentioned embodiments is a suitable 
example form of this invention, but the invention is not limited to these. The 
embodiments are variously modifiable within the scope of this invention. For 
example, the movement mechanism may be arranged inside the duct wall of the 
refrigerator. 

In other words, the cover 1 1 may function as the duct wall of the 

refrigerator. 

Also, the damper 4 may be moved to the open position by the motor 
while it is moved to the closed position by the elastic potential energy of a coil spring 
and the like. Further, as the motor may be used not only the stepping motor 1 but 
also other motors such as an AC synchronous motor or a DC motor. 

In place of the coil spring 1 5, a flat spring or a magnet may be used, or 
may, on occasion, be omitted. The fan-like gear 7 is used as a decelerating gear, but 
other gears may be used as well. 

Moreover, the above mentioned embodiments showed the motor 
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damper of this invention used as a cold air control in a refrigerator; however, 
this invention may also be used in other machines dealing with fluids, such as air 
conditioning or a water supply. 

As described above, in a motor damper of this invention arranged in a 
passage in a refrigerator through which cold air flows, the rotation shaft of a baffle for 
closing or opening the cold air gate is rotatably secured to the rotation shaft of a 
motor, so that the baffle swings between the closed position and the open position of 
the cold air gate. With this structure, the damper can be miniaturized, and the cold 
air gate is completely opened. 

Also, the above mentioned structure does not interrupt the cold air 
flowing along the frame, and lets it flow straight, eliminating the chance of loosing 
cold air during transmission and allowing cold air to flow smoothly. Thus, a 
refrigerator having an effective transmission and diffusion means for cold air can be 
easily obtained. 

Moreover, in the motor damper of this invention, the cold air gate 
which the baffle contacts and retracts from opening and closing the gate is formed in 
the frame constituting a part of the passage through which the 
cold air flows. Also, the baffle is arranged such that the circumference of the baffle is 
enclosed by the frame when the baffle closes the cold air gate; therefore, the space 
usually lost in accommodating the motor damper in a refrigerator and the like is 
reduced. 

In addition, because the cold air gate is formed inside the frame, and 
also because the movement mechanism including the motor for swinging the baffle is 
installed at a side of the frame, the cold air gate can be made large. The movement 
mechanism for swinging the baffle is small enough to provide enough space for the 
cold air gate. Thus, the miniaturized motor damper having the large cold air gate can 
be provided. 
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While the foregoing description and drawings represent the 
preferred embodiments of the present invention, it will be obvious to those skilled in 
the art that various changes and modifications may be made therein without 
departing from the true spirit and scope of the present invention. 
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